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ABSTRACT

The purpose of this senior design project is to create a replacement optical density sensor
for Solix Biofuels. Solix Biofuels is a company which grows algae to turn into biodiesel.
Solix uses these sensors to measure the biomass of the algae, which tells them when the
algae are ready to be harvested. The problem that they find with current optical density
sensors are that they are costly and this makes them not practical for their future
commercial production designs. Another problem is that they currently have been testing
in-situ sensors which are prone to fowling which in turn affects the sensor data.

Our senior design project has focused on replicating the current optical density sensors
that Solix Biofuels is using in their daily operations. We have done this by using and
experimenting with photodiodes and phototransistors that operate in the near infra-red
range spanning from 850-940 nm.

The final prototype created is a portable, hand held, battery powered sensor that uses a
850 nm LED and matching phototransistor. The sensor can be placed over the bags used
to grow algae instead of inside. The prototype also contains a display that outputs the dry
mass of the algae (G/L) as a function of voltage.
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|. Introduction

The purpose of this senior design project is to design a replacement optical density sensor
for Solix Biofuels. This paper will outline

Solix’s need for a replacement sensor.

The restraints placed on our design.

The research we conducted on creating our current designs.
Our prototype designs and our current configuration.

What plans we have for the future of this project.

Background on Solix Biofuels

Solix Biofuels is a company that was started in 2006. It is currently focused on the
development and commercialization of large-scale algae-to-biofuels system. Its
intellectual property is in reactor technology, controls, biology, and downstream
processing. It is currently the second largest producer if algae.

As part of Solix Biofuels operations they use optical density sensors to measure the
biomass of algae contained in their bio-reactors. The biomass of the algae determines
when the algae are ready to be harvested from their reactors and ready to be processed.

The problems with their current optical density sensors include:
e Cost: The current model of optical density sensor is to expensive to be
implemented in a large scale production operation
e Placement: The current sensor they use in production is an in-situ sensor

and is prone to fouling.

Design Restraints

The current design restraints that Solix Biofuels has placed on the design of the optical
density sensor include:

e Cost: Creating an optical density sensor that costs significantly less than
the current sensor that they are using in production.

e Placement: To avoid the problem of fouling the sensor needs to be
mounted on the outside of the reactors containing the algae.

e Consistency: The current optical density sensor that is being used
operates in the NIR range from 840-910 nm. The biology team uses
equipment that measures biomass at 750nm. Our sensor should operate in
these ranges to be consistent with their current sensors so that we can
compare our results with the biology teams results.

e Portability: The sensor needs to be a hand held portable device with a
display



This is just a brief overview of what we as a group are trying to accomplish with this
design project. The rest of the paper will include (II) Research, (II1) Hardware Design,
(IV) Project Continuation, (V) Project Management, (VI) Ethical Concerns/Issues, (VII)
Manufacture and Marketability



1. Research

Where to begin?

The initial step in our research was to understand the current optical density sensor Solix
uses in its daily operations. We obtained a data sheet from the Optek website shown in
figure 1.

W
Fig. 1 Optek Sensor (www.optek.com)

Seen above is the basic design of the sensor. There is an infrared LED shown above as 5
which emits a light at 840nm to 910 nm wavelength. The light travels through a sapphire
lens (2), then through the channel (1), then through another sapphire lens. This is to
focus the light as it passes through the channel. The light then passes through a daylight
filter (4), which filters out any other sources of light. Finally the light is captured by a
detector (3), and then equated as a voltage. The probe is placed in the liquid that the cells
are growing in channel side first. When the algae cells are small there is more room for
the light to pass through the liquid in the channel, so the detector detects more light and
emits a higher voltage. Therefore as the size of the cells increases the voltage output
decreases. This process of light scattering is described by Lambert-Beer’s Law which
equates the size of a cell in a liquid with the transmission of light through it. The
problems with this design were as stated before a high cost and that they foul easily.

Lambert-Beers’s Law
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Fig. 2 Lambert-Beer’s Law
(see Appendix A for abbreviations)

LED Light Source

The first component investigated was the LED light source. The Optek sensor uses NIR
light because it is insensitive to color changes. The Solix biology team provided a range
of wave lengths of light that are sensitive to chlorophyll. This is shown in figure 4. This
figure shows the relationship between absorbance of light by chlorophyll at different

wavelengths of light. It is plain to see that between 697 — 865 nm wavelengths that there



is no absorption of light due to chlorophyll. This means that this would be the perfect
range of wavelengths to measure the size of the cells only.

The Solix biology team also has a sensor that measures the optical density of
algae. This device operates at 750 nm wavelength. This originally made a target
wavelength of 750 nm for the sensor.

Wavelength Scan of Contaminated Culture
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Fig. 3 Absorbance of Chlorop.l-lglll vs. Wavelength

Sapphire Lenses

The next area a research was to examine the use of sapphire lenses. Sapphire is often
chosen as an optical substrate when the application requires high mechanical durability
and high thermal conductivity, as well as good transmission between UV, Visible, and IR
regions.

Daylight Filter

The next area of research was to examine the daylight filters. This prevents outside
sources of light from having an effect on your output. This is important since the
readings will all be made outside. A daylight filter is also known as a neutral density
filter. A neutral density filter is a "grey" filter. An ideal neutral density filter reduces
light of all wavelengths or colors equally. Practical neutral density filters are not perfect
as they do not reduce the intensity of all wavelengths equally. They are only specified
over the visible region of the spectrum, and do not proportionally block all wavelengths
of ultraviolet or infrared radiation.



Detector

The finally area of research was the detector. There are two basic premises behind
turning light into current or voltage, the photodiode and phototransistor. The photodiode
is a diode that is forward biased when a light from a band of wavelengths reaches the P
substrate. This bandwidth is determined by the material used to construct the P substrate.
A phototransistor is a transistor that is biased when a bandwidth of light crosses the gate
of the transistor. This bandwidth is also affected by the materials used. Although these
detectors will usually pass a number of wavelengths, they all have a peak wavelength
where they operate optimally.



I11. Hardware Design

A. Prototype 1

Design

The purpose of prototype 1 was to build and play with a circuit that measured light. This
circuit was not of our own design but one we researched and found online. The idea was
to learn from this circuit, that it may give us ideas on how to go about designing our own
circuit. The circuit we built was found online at

www.educypedia.be/electronics/circuitssensorslight.html. The circuit is shown in figure
4.

Qriginal Circuit Diagram
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Fig. 4 Circuit 1

This circuit was built not to be a design used on our project, but rather to give us an idea
of how a basic optoelectric circuit behaves. The circuit contains a Motorola MRDS500
photodiode that detects light from .3 micrometers to 1.1 micrometers in wavelength.


http://www.educypedia.be/electronics/circuitssensorslight.html

Testing Procedure

The purpose of this circuit was to detect daylight and not light in the NIR spectra. This
circuit was used to see how different light sources affected the output. This was
preformed with various experiments. The first experiment measured the output voltage
in direct sunlight as opposed to indoors. The next experiment involved shining a light at
the photodiode to obtain an increase in voltage across R3. The finally experiment
involved isolating the circuit from any outside sources to see zero output voltage across
R3.

Results
The experiment showed no difference in output voltage when the circuit was moved from
inside to outside. When all outside light is taken away the output voltage was zero. The

experiment did show good steady state output when we placed an LED in line with the
photodiode.

B. Prototype 2

Design

The second design was created to try and emulate the circuit in the Optek sensor and to
have the circuit operate in the NIR range. Circuit shown in figure 5.
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The parts for the second prototype were sourced from a company, Texas Advanced
Optoelectronic Solutions (TAOS), that made optical sensors. For this design
implemented their TSL260R which is a Silicon IC containing a photodiode, operation
amplifier, and feedback components. This device operated in a range form 850nm to
1000nm wavelength with its highest irradiance responsivity at 940nm. This was paired
this with a NTE3029 LED that operates at 940nm. The theory behind this circuit was
that as the light across the phototransistor increases the current through R2 increases and
therefore the voltage increases. So as the density of the algae solution increases the
voltage should decrease.

Testing Procedure 1

In order to test this circuit, two cuvettes were filled with solutions of algae of different
densities including, a cuvette with tap water and another with no liquid at all. Using the
circuit as shown above measurements were taken of the voltage across R2 for each of the
cuvettes. This is shown in figure 6.

Fig 6 Test{ng a Cuvette
Results and Conclusions 1

This experiment did not provide expected results. There was no d drop in voltage across
R2 for any of the cuvettes. The only way to obtain a voltage drop was to have solid
object between the emitter and receiver. The conclusion was that the intensity of the
LED was too high and decided to retest with different LED and phototransistor pairs.

Testing Procedure 2

The second experiment involved gradually increasing the resistance of R1 until there was
a voltage drop for the algae solution. The first procedure was then repeated.



Results and Conclusions 2

The resistance of R1 was increased to 9.66 kilo ohms. The results are shown in table 1.

Substance Output 1 (V) Output 2 (V) Output 3 (V)
Air .586 575 .590
Water 573 .566 .562
Algae (less dense) 250 122 301
Algae (more dense) | .360 485 444

Table 1 Results for Prototype 2

These experiments did show a difference in output for various substances but concluded
that this circuit would not meet our goals. The difference in output voltages was on the
order of millivolts and the goal was to see a difference between a 0-5 volt range. The
larger problem however was the output of the circuit was unstable. There was no
repeatability in reproducing the same results for any parameters in this experiment. After
further research it was determined that the irradiance level for this LED was too high for
the phototransistor being used. By decreasing the current through the LED there was in
turn a decrease in the irradiance of the device; however this created an operating range
outside of the peak range of performance for the diode thereby causing instability in the
output.

C. Prototype 3

Design

The goal of this design was to implement a 750 nm LED into our previous design using
another device from TAOS that operated within this wavelength. It was not possible to
obtain a 750 nm LED that we could obtain in quantities less than 2000 at a time. The
next available wavelength LED operated with an output wavelength of 850 nm from
SunLED (XTHI12W850). This LED was paired with an NPN phototransistor from
SunLED (XTHI12W850), which operates with a high responsivity at 850nm.

Testing Procedure

The circuit was initially tested on a breadboard similarly to our previous experiments.
The first experiment used three different densities of algae with a control of pure water.
Cuvettes were filled with the substances and used to test the variation of output voltages
per density of material.




Results and Conclusions

The recorded results are shown in table 2.

Substance Out put 1 (V) Out put 2 (V)
Water 3.46 3.455
Algea (low density) 1.459 1.455
Algea (medium density) 1.172 1.256
Algea (high density) 0.805 0.724

Table 2 Results for Prototype 3
The conclusion was that the results were acceptable for this circuit design. The
differences in output voltage for each experiment were due to the instability of the

components position due to being in a breadboard.

Testing Device

Two different designs for testing the new components were created to try and stabilize
our circuit. The first design was not very stable and had to be redesigned. The second
design is shown in figure 7.

! -
FIG 7 Prototype 3

This design was ideal because it secured the electronic components of the circuit and also
simulated a similar environment in which the final design would be used. This design is
also flexible in the movements of the diodes and transistors which allow testing with
different bags and materials.
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D. Prototype 4

FIG 8 Prototype 4

Design
This prototype was designed to begin to testing underwater in the actual environment that
the device would be used. This had to be a watertight model. It was constructed out of
PVC piping with an adjustable arm to find an acceptable distance between the emitter and
the receiver. The encasement contained the same hardware used in prototype 3. The
emitter consisted of the 850 nm LED from SunLED (XTHI12W850) and the receiver, its
matched NPN phototransistor from SunLED ( XRNI82B). The LED and phototransistor
were placed behind two pieces of glass. Later, neutral density filters would be placed on
the transistor side to filter out day light. These filters blocked out light in the visible
spectrum and allowed the light in the NIR range to pass through. Below is a graph of
wavelength vs. transmission.
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FIG 9 Neutral Density Filter Graph
http://www.leefiltersusa.com/lighting/products/comparator/keywords:299/page: 1/act:resu
1t/ref:C4630710C94918/changeTab:getcolor

11


http://www.leefiltersusa.com/lighting/products/comparator/keywords:299/page:1/act:result/ref:C4630710C94918/changeTab:getcolor
http://www.leefiltersusa.com/lighting/products/comparator/keywords:299/page:1/act:result/ref:C4630710C94918/changeTab:getcolor

Testing Procedure

These were the first tests the team was able to do on the actual bags, outside and
underwater. The sensor was placed with the emitter and the receiver on both sides of the
bag and a FLUKE multi-meter was used to measure the change in voltage across the
different densities of algae. With these tests the distance between the emitter and
receiver were adjusted to find optimum distance. The results of these experiments
showed an optimum distance at approximately 4 cm or less between the emitter and
receiver.

Results and Conclusions

The Results received can be seen in table 3

Bag Number Output 1 (V) Output 2 (V) Output (G/L) *Solix
provided

Initial reading 4.98 4.89 -

4A 3.78 3.66 .889

4B 3.1 3.05 2.889

3A 3.57 3.6 1.64

Table 3 results for prototype 4

Looking at the data it appears to be inconsistent to what was originally expected. After
considerable testing it was determined that outside light was affecting the output of the
sensor. Neutral density filters were added on the phototransistor side of the sensor to
block out light in the visible spectrum (see Figure $3).

E. Prototype 5

Figur hO Prototype 5

Design
Using the data from prototype 4 the final prototype was constructed. Prototype 5 was

constructed out of galvanized steel to give it a more ridged design. The transmitter and
the emitter were placed at fixed distances from each other. See figures below.

12




FIG 11 Transmiting Side
(1)Plastic mounting, (2) O-ring, (3)Glass lense, (4) 850 nm LED, (5) Foam Mounting
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FIG 12 Receiving Side
(1) Plastic mounting, (2) O-ring, (3) Neutral density filter, (4) Glass lense, (5)

Phototransistor with mount

The output of the phototransistor goes to an LF412 op amp set up as a voltage follower.
The ouput signal of the op amp goes to the L41005P process meter. The process meter
allows the user to program a nonlinear curve based on the voltages from the sensor. This
creates a correlation between dry mass of algae (G/L) and voltage of the sensor.

+ C:\DOCUME-~1\KEVIN~1.5PA\MYDOCU~ 1\METERI~1\curved_1.exe

GUSTOM GURUE SOFTWARE REV 4.1
Set the Hetel tn a Bau(l late uf %lﬂ and an address of 1
prom return to the M
THERE RRE 4 MODES FOR ENTERING RCTUnL INPUT Ry US. DESIRED REnDlNG <¥> DATA.
IN ONE COLUMN A E IN ANOTHER.
MODE 2 THE 2 COORDINRTE METHOD '.IHERE AN AGTUAL INPUT SIGNRL (H) 1S APPLIED
AND THE DESIRED READING <Y> IS ENTERED FROM THE KEYBOARD.
MODE 3. THE 2 COORDINATE METHOD UHERE AN ACTUAL INPUT SIGMAL <X> IS APPLIED
AND THE DESIRED READING (¥> IS PROVIDED FROM A FILE.
MODE 4. THE COEFFICIENTS OF A POLYNOMIAL ¥ = F(X> ARE ENTERED.

| u

¢1> CREATE CUSTOM CURUE USING TEXT FILE ENTRY MODE

(2> CREATE CUSTOM CURUE USING 2-COORDINATE KEYBOARD ENIRY MODE
€3> GREATE GUSTOM GURUE USING 2-GOORDINATE FILE ENTRY MODE

(4> CREATE CUSTOM CURUE USING EQUATION ENIRY MODE

(8> SEND GUSTOM PARAMETERS (FILENAME}.PRM TO METER

{M> PUT METER IN CUSTOM CURVE MODE

CH» HELP

¢P» PLOT ])FITR

@ QuIT

SELECTION ? > _

FIG 13 Process Meter FIG 14 Process Meter Software

This protoype is also completely powered by batteries. And the final addition to the
prototype was a moveable shield to block sunlight.
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Data Capture
Using sensor and the process meter data points were captured. Using known dry mass

samples from Solix’s biology team a table was created relating known dry mass (G/L) to
the output voltages of the sensor. The data points were programmed into the process
meter’s software using visual basic code. This created an output on the front display of
the process meter that displays the dry mass of the algae (G/L) as a function of the
voltage at the output of the sensor. See the graph below.

Dry Mass of Algae vs Voltage of Phototransistor
5 T T T T T T

Saltage

Ory Mass of Algas GiL
FIG 15

With the final curve in place tests were then performed multiple times on multiple days to
test the accuracy and repeatability of the sensor with known dry mass samples of algae.

Hl—

5vde

§ R1
184 U2A v2
.
8|, ‘R = 6vdc
313 T
- R2 % Process Meter “‘
SZ D1 | 2] 7 Meter Input 280 va
«| LED o} 2 0Mm .
W Il v = 6Vdc
M T

FIG 16 Prototype 5 Circuit
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IV. Project Continuation

When the project with Solix Biofuels was started, we were given the task to redesign a
more affordable density sensor to measure the biomass of algae. We were successful at
taking the project from concept to a completed prototype measuring device. It is possible
that Solix has a use for our sensor and if so there are some possibilities for a continuation
of work. If a group were to continue this project some recommended objectives include:

e More circuit analyses

e Advanced light filtering technique

e Further testing and calibration

o Different packaging of the final product.

More circuit analyses

A group could take a look at the circuitry work we have done with the voltage follower as
well as the basic structure of the LED and phototransistor. There is room for more
advanced circuitry work to allot for more accurate data.

Advanced light filtering technique

The sensor currently has neutral density filters at work to try and eliminate much of the
light in the visible spectrum. It seems to be effective but there is still some light getting
read into the phototransistor. A group could look into a more precise way to eliminate the
remainder of the excess light similar to that used by the Optek sensor.

Further testing and calibration

The current prototype could go through further testing in the field. It could be tested
primarily for consistency as well as accuracy in the data by comparing data to that of the
biologist team at Solix. Upon receiving more data it would be possible to further the
accuracy of the curve being used by the digital panel meter to increase the accuracy of the
meter.

Different packaging of the final product

This portion would best fit as a mechanical engineering project because it would require a
new design of the final packaged product. Perhaps one made out of a lighter material
while maintain the same rigidity that was the product of the galvanized steel. It could also
take the form of a one handed device.

15



V. Project Management

Semester 1

Initially our project revolved around research. Since we have no optics
experience we decided as a team to try and research as much about optics as possible.
Once we had a basic understanding we would then split the research three ways and
report our finding weekly. All experimentation with different circuits was done as a team
so we would all have capable knowledge of the subject.

Semester 2

Since we had all ready come up with our basic design our main goals were to
build a working prototype and improve the existing circuit. Due to our unique skill sets
we decided to split these tasks into three parts to more effectively accomplish these goals.
Jeremiah Young was in charge of parts acquisition and to assist the team in tasks as
needed. These tasks included setting up the processor, data collection and administrative
tasks. Kevin Spahr was in charge of researching and testing of possible ways to improve
upon the current circuit design. Rob Haslinger was in charge of building and testing a
working prototype, as well as the maintenance of the project website. In order to
accomplish these goals we came up with the following timetable.

Week Rob Kevin Jeremiah

Project goals. Test bags for uniform | Acquire parts.

consistency.

1/21 Update website Help as needed.

Work on prototype.

Test density.

Acquire parts.

1/28 Improve circuit. Help as needed
Work on prototype. Improve circuit. Acquire parts.
2/4 Help as needed
Work on prototype. Improve circuit. Acquire parts.
2/11 Help as needed
Finish prototype. Improve circuit. Acquire parts.
2/18 Help as needed

16




Test prototype.

Improve circuit.

Acquire parts.

2/25 Adjust prototype. Help as needed

Test prototype. Improve circuit. Acquire parts.
3/04 Adjust prototype. Help as needed

Test prototype. Improve circuit. Acquire parts.
3/11 Adjust prototype. Help as needed

Test prototype. Improve circuit. Acquire panel meter.
3/18 Adjust prototype.

Test prototype. Improve circuit. Acquire panel meter.
3/25 Adjust prototype.

Test prototype. Finalize design. Set up panel meter.
4/1 Adjust prototype. Test design.

Finalize Prototype Finalize Prototype Set up panel meter
4/8

Finalize Prototype. Finalize Prototype. Finalize panel meter
4/15 E-Days E-Days E-Days

Finalize Testing. Finalize Testing. Finalize Testing.
4/22

Finalize Testing. Finalize Testing. Adjust panel meter
4/29

Finalize Testing. Finalize Testing. Finalize Testing
5/6

Table 4 Spring 09 Timeline

17




V1. Manufacture and Marketability

The current design of our product was designed to be a practical solution to a specific
problem. The design was conceived with the current system being used at Solix Biofuels in
mind. Since the sensor relies on the design of the algae reactors at Solix, the
manufacturability and marketability are also linked directly to the success of Solix and the
system used.

Marketability
Solix Biofuels is a company currently focused on the development and

commercialization of large-scale algae-to-biofuels system. Its intellectual property is in
reactor technology, controls, biology, and downstream processing. Since our design was
created for their reactors the marketability of our product depends on their success. Our
product could either be sold directly through Solix or through a referral system from
Solix to their clients. The total cost to manufacture this product would be $433.02 plus
the cost of labor. This of course would change with a machined body.

Part Cost
LF-412CN OP AMP 1.67
Round LED mount 1.25
PCH 150 phototransistor mount 0.80
phototransistor 1.05
850nm LED 0.60
1 MQ resistor 0.20
180 Q resistor 0.06
Copper wire (25 ft) 1.60
Glass Lenses (2) 4.00
Circuit board 4.00
Chassis box 34.72
Lens mounting structure (2) 4.00
Conduit (2) 5.94
Galvanized steel elbows (4) 7.28
Galvanized steel ‘T’ junction 1.57
Galvanized steel rods (7) 9.03
Neutral density filter 1.00
Plexiglas 2.00
Digital panel meter 350.00
O-Ring (2) 0.25
Handle 2.00
Total $433.02

Table 5 Cost Breakdown

18




Manufacturability

Our current design was made by hand and then calibrated based upon its reaction to
different conditions in the environment. Due to the limited number of these sensors that
would be needed it would not make since to mass produce the sensor. Each sensor would
need to be hand produced and then calibrated for accuracy. The casing for the sensor was
built out of materials available and team members’ mechanical experience. A machined
part specifically designed to hold our circuitry would be preferable for accuracy as well
as dependability. If these parts were available this product could be easily hand
manufactured by hand in the limited quantity needed.

19
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Appendix A — Abbreviations

IR - infrared

NIR — near infrared

UV —ultraviolet

LED - light emitting diode
nm- nano-meters

T — transmission

a - absorption coefficient

{ - path length

€ - molar absorptivity

lo,l - intensity

A-1



Appendix B

Date Part Supplier Quantity Price Deposits Remaining Budget
8/25/08 New Semester Funds Csu $150.00 $ 150.00
9/10/08 Photodiode NTE 3 $0.99 $ - $ 147.03
Photodiode NTE 3 $0.99 $ - $ 144.06
Infrared Emitter NTE 2 $155 $ - $ 140.96
9/24/08 10 *10" -6 Farad Capacitor NTE 6 $1.00 $ - $ 134.96
100 *10” -6 Henry Inductor NTE 2 $1.80 $ - $ 131.36
10 *10” -6 Henry Inductor NTE 2 $3.99 $ - $ 123.38
MOSFET NTE 2 $209 $ - $ 119.20
BJT NTE 2 $1.19 $ - $ 116.82
BJT NTE 2 $155 $ - $ 113.72
TAOS Infrared-Photodiode TAOS 3 $0.00 $ - $ 113.72
10/15/08 430nm LED SunLED 2 $0.00 $ - $ 113.72
468nm LED SunLED 2 $0.00 $ - $ 113.72
555nm LED SunLED 2 $0.00 $ - $ 113.72
590nm LED SunLED 2 $0.00 $ - $ 113.72
627nm LED SunLED 2 $0.00 $ - $ 113.72
650nm LED SunLED 2 $0.00 $ - $ 113.72
660nm LED SunLED 2 $0.00 $ - $ 113.72
700nm LED SunLED 2 $0.00 $ - $ 113.72
10/29/08  700nm LED SunLED 2 $0.00 $ - $ 113.72
850nm LED SunLED 2 $0.00 $ - $ 113.72
880nm LED SunLED 2 $0.00 $ - $ 113.72
NIR Photodiode SunLED 3 $0.00 $ - $ 113.72
400-640nm photodiode TAOS 3 $0.00 $ - $ 113.72
1/20/09 New Semester Funds Csu $150.00 $ 263.72
1/21/09 PVC parts Home Depot 4 $233 $ - $ 261.39
2/4/09 PVC parts Home Depot 3 $57 $ - $ 252.82
3/3/09 MOSFET NTE 2 %1049 $ - $ 230.43
3/25/09 Digital Panel Meter Laurel Electronics 1 $35000 $ - $ -119.57
3/26/09 Neutral Density Filter Lights On 1 $1755 $ - $ -137.12
3/31/09 Steel Piping Home Depot 5 $1009 $ - $ -147.21
4/1/09 Poster Board Wal-Mart 1 $9.44 $ - $ -156.65
Wet Foam Wal-Mart 1 $3.48 $ - $ -160.13
Steel Piping and parts Home Depot 12 $19.08 $ - $ -179.21
4/9/09 Conduit Home Depot 1 $5.94 $ - $ -185.15
Components Home Depot 1 $1.46 $ - $ -186.61
4/10/09 Chassis Box Mountain States 1 $3705 $ - $ -223.66
4/11/09 Handle Home Depot 1 $3.19 $ - $ -226.85
4/16/09 Batteries 1 $11.20 $ - $ -238.05
Glue 1 $296 $ - $ -241.01
4/30/09 Solix $241.01 $ 0.00
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-— [ |
— SunLED Part Number: XRNI82B =
www.SunLEDusa.com NPN BLACK PLASTIC PHOTOTRANSISTOR
Features 1(.04)

o MECHANICALLY AND SPECTRALLY MATCHED
TO THE INFRARED EMITTING LED

LAMP SERIES.

¢ BLACK DIFFUSED LENS.

o COUPLED WITH INFRARED EMITTING

2.5(0.1)

|
[ L

1(.04)

RADIANT SENSITIVE AREA

1 EMITTER (PTR A)
2 COLLECTOR (COM)
3 EMITTER (PTR B)

5(.197) 17(0.67)MIN.
LED LAMP SERIES FOR MOUSE APPLICATION.
1.OMAX. 3(.118)MIN.
e RoHS COMPLIANT. ‘ “—’7
N — 1 1
S Vo Elq N
2 s e i— 12 NS
3 [ R NEE 2
— ! [ — L =2 /
= % 2 7 3
3 218 1(.04)MIN.
™~ 0 |c —
45(0177) [ © ch H
6.8(.268)
Notes:
1. All dimensions are in millimeters (inches).
2. Tolerance is + 0.25(0.01") unless otherwise noted.
3. Specifications are subject to change without notice.
Absolute Maximum Ratings at Ta=25°C
Parameter Max. Ratings
Collector-to-Emitter Voltage 30V
Emitter-to-Collector Voltage 5V
Power DlSSlpatlon at (or below) 25°C 100mW
Free Air Temperature
Operating / Storage Temperature Range -55°C To +100°C
Lead Soldering Temperature o
(>5mm for 5sec) 260°C
Published Date : JAN 15,2008 Drawing No : XDSA2983 V5 Checked : B.L.LIU P.1/3




N\
su n LED Part Number: XRNI82B

www.SunLEDusa.com NPN BLACK PLASTIC PHOTOTRANSISTOR

Electrical / Optical Characteristics at Ta=25°C

Symbol Parameter Min. Typ. Max. Unit Test Condiction
. Ic=100pn A
VBR CEO | Collector-to-Emitter Breakdown Voltage 30 - - A% Ee=0mW/cm?
. IE=100pn A
VBRECO | Emitter-to-Collector Breakdown Voltage 5 - - A% Ee=0mW/cm?
. . Ic=500 p A
VCESAT) | Collector-to-Emitter Saturation Voltage - - 0.4 Vv Ee=5mW/cm?
VCE=10V
Iceo Collector Dark Current - - 100 nA Ee=0mW/cm?
Tr Rise Time (10% to 90%) - 16 - us VCE=5V
Ic=1mA
TF Fall Time (90% to 10%) - 18 - us RL=1KQ
VCE=5V
TooN) On State Collector Current 0.1 0.4 - mA Ee=1mW/cm2
A=940nm
Collector Current Ratio Ic (on) (a)/
R of Phototransistor 08 1 1.25 Q Ic(on) (b)
XRNI82B

Wave Soldering Profile For Lead—free Through—hole LED.

(9300 | | | | | | |
@O“Cﬁmaxi/Bfisec;

R75 — — — — —
250
225
200
175
150
125
100
75

Temperature ——

50
245 700 AN

Y AP AN PN AN IR AV I

0 90 100 150 200 250 300 350 400
(sec)

Time
NOTES:
I.Recommend the wave temperature 245°C~260°C.The
maximum soldering temperature should be less than 260°C,
2.Do not apply stress on epoxy resins when temperature is over 85 degree°C.
3.The soldering profile apply to the lead free soldering (Sn/Cu/Ag alloy).
4.No more than once.

Published Date : JAN 15,2008 Drawing No : XDSA2983 V5 Checked : B.L.LIU P.2/3
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Su n LED Part Number: XRNI82B

www.SunLEDusa.com

NPN BLACK PLASTIC PHOTOTRANSISTOR

PACKING & LABEL SPECIFICATIONS XRNI82B

o
E
o
E
)

1
—
1
—
—_——

—

500PCS /BAG

OUTSIDE LABEL

&/
N |
SunlLED =

/1711071

16K BOX
32K / BOX /

SunlLED %

P/NO : XRNIB2x

QTY : 500 pcs CODE: XXX
S/N: XX
LOT NO:

XX XX XX XX XXXXXX

RoHS Compliant

X

Published Date : JAN 15,2008 Drawing No : XDSA2983 V5 Checked : B.L.LIU P.3/3




N\

= SunLED =
— —
— Un Part Number:  XTHI12W850 —
www.SunLEDusa.com
T-1 38/4 (bmm) INFRARED EMITTING DIODE
Features
8.6(.339) 27(1.063)MIN.
¢ MECHANICALLY AND SPECTRALLY MATCHED
95.9(.232) 1(.04)
TO THE PHOTOTRANSISTOR. | 1.5(.06)TYP
¢ WATER CLEAR LENS. | CATHODE _’I ~
e RoHS COMPLIANT. 5 —— 'i(:';
\ <
Tb'/ I ‘ f J ] Lr)-
<Y ’ N
_»I L 0.7MAX 00.5(0.02)
@ p 1.0 MAX +0.05
Notes:
1. All dimensions are in millimeters (inches).
2. Tolerance is + 0.25(0.01") unless otherwise noted.
3.Specifications are subject to change without notice.
Operating Characteristics THI/850 Unit
—oro ni
Absolute Maximum Ratings THUSS0 | (Ta=25°C) (GaAlAs)
(Ta=25°C) (GaAlAs) m Forward Voltage (Typ.) | . 14 v
(Ar=20mA) :
Reverse Voltage VR 5 \%
Forward Voltage
Forward Current Ir 50 mA (Max.) Vr 1.6 \Y%
(Ir=20mA)
Forward Current (Peak)
1/100 Duty Cycle iFs 1 A Reverse Current
10us Pulse Width (Max.) Ir 10 uA
(Vr=5V)
Power Dissipation Pr 80 mW
Wavelength Of Peak
Operating Temperature Ta -40 ~ +85 Emission (Typ.) AP 850 nm
°C (IF=20mA)
Storage Temperature Tstg -40 ~ +85
Spectral Line Full
Lead Solder Temperature o Width At Half-
[2mm Below Package Base] 260°C For 3 Seconds Maximum (Typ.) AM 50 nm
(Ir=20mA)
Lead Solder Temperature 5 C it Typ.
[5>mm Below Package Base] 260°C For 5 Seconds (\?]f):ag{] afn:CfN(IHsz; ) C 30 pF
Luminous Wavelength Viewing
Part Emitting Intensity
. Lens-color . nm Angle
Number Material (Po=Mw/sr) L P 20 1/2
@20mA *50mA
min. typ.
10 39
XTHI12W850 GaAlAs Water Clear 850 20°
*50 *98
Published Date : JAN 14,2008 Drawing No : XDSA4506 V3 Checked : B.L.LIU P.1/4
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= SunLED

www.SunLEDusa.com

Part Number:

XTHI12W850

T-1 3/4 (5mm) INFRARED EMITTING DIODE

THI/850

1.0

Ta =256°C

0.5

Relative Radiant Intensity

750

« THI/850

10

Forward Current (mA)

1.0

Relative Luminous Intensity

0

50
40
30

20

0
0.8 1.0 1.2 1.4 16 18

2.5

2.0

1.5

0.5

800 850 200 950

wavelength A (nm)

RELATIVE INTENSITY Vs. WAVELENGTH

20m

—
—
—
—

/
/

Luminous Intensity
Relative Value at IF

Forward Voltage(V)
FORWARD CURRENT Vs.
FORWARD VOLTAGE

-40 =20 O 20 40 60 80

Ambient Temperature AT (°C)
LUMINOUS INTENSITY Vs.
AMBIENT TEMPERATURE

1.5

1.0

0.5

0

1.0

1000 1050

0

Ir—Forward Current (mA)

10 20 30 40 50

LUMINOUS INTENSITY Vs.
FORWARD CURRENT

SPATIAL DISTRIBUTION

30°

40°

50°
60°
70°
80°
90°

Published Date : JAN 14,2008

Drawing No : XDSA4506

V3

Checked : B.L.LIU
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SunLED —

Part Number: XTHI12WS850 —
www.SunLEDusa.com
T-1 3/4 (5mm) INFRARED EMITTING DIODE

Wave Soldering Profile For Lead—free Through—hole LED.

(°C)300 \

275
250
225
200
175
150
125
100

Temperature

75

50

25

T T T T T I Y M T T YT ST T S SO M

|
1
0 50 100 150 200 250 300 350 400

Time
NOTES:

1.Recommend the wave temperature 245°C~260°C.The
maximum soldering temperature should be less than 260°C.

2.Do not apply stress on epoxy resins when temperature is over 85 degree’C.

3.The soldering profile apply to the lead free soldering (Sn/Cu/Ag alloy).
4. No more than once.

Remarks:

If special sorting is required (e.g. binning based on forward voltage or radiant intensity / luminous flux),
the typical accuracy of the sorting process is as follows:

1. Radiant Intensity / Luminous Flux: +/-15%

2. Forward Voltage: +/-0.1V

Note: Accuracy may depend on the sorting parameters

Published Date : JAN 14,2008 Drawing No : XDSA4506 V3 Checked : B.L.LIU P.3/4
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SU“LED Part Number:  XTHI12W850 =

www.SunLEDusa.com
T-1 3/4 (5mm) INFRARED EMITTING DIODE

PACKING & LABEL SPECIFICATIONS XTHI12W850

1 O L
m

|l

1000PCS/BAG

QUTSIDE LABEL
f =
- / \ _|
— SunLED =
A,
36K / BOX 18K / BOX

/ \ Q€ e N

SunlbbD %

P/NO : XLxxl12x

QTY : 1000 pecs CODE: XXX
S/N : XX
LOT NO:

X X

RoHS Compliant

Published Date : JAN 14,2008 Drawing No : XDSA4506 V3 Checked : B.L.LIU P.4/4




OTAOS

TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

OPTOELECTRONIC
SOLUTIONS®

TAOS049E -SEPTEMBER 2007

® Integral Visible Light Cutoff Filter PACKAGE S PACKAGE SM
s i - SIDELOOKER SURFACE MOUNT
® Monolithic Silicon IC Containing (FRONT VIEW) SIDELOOKER
Photodiode, Operational Amplifier, and (FRONT VIEW)
Feedback Components
® Converts Light Intensity to a Voltage O Q
® High Irradiance Responsivity, Typically
111 mV/(uW/cm?) at %, = 940 nm (TSL260R) [ [ ]
® Compact 3-Lead Plastic Package 1S
® Single Voltage Supply Operation
® [Low Dark (Offset) Voltage....10mV Max
® Low Supply Current......1.1 mA Typical
® Wide Supply-Voltage Range.... 2.7 Vto 5.5V { 2 3
® Replacements for TSL260, TSL261, and GND Vpp OUT
TSL262
® RoHS Compliant (-LF Package Only)
1 2 3
GND Vpp OUT
Description

The TSL260R, TSL261R, and TSL262R are infrared light-to-voltage optical sensors, each combining a
photodiode and a transimpedance amplifier (feedback resistor = 16 MQ, 8 MQ, and 2.8 MQ respectively) on a
single monolithic IC. Output voltage is directly proportional to the light intensity (irradiance) on the photodiode.
These devices have improved amplifier offset-voltage stability and low power consumption and are supplied
in a 3-lead plastic sidelooker package with an integral visible light cutoff filter and lens. When supplied in the
lead (Pb) free package, the device is RoHS compliant.

Functional Block Diagram

~a Voltage
Sa Output
Available Options
DEVICE Ta PACKAGE - LEADS PACKAGE DESIGNATOR | ORDERING NUMBER
TSL260R | 0°C to 70°C 3-lead Sidelooker S TSL260R
TSL260R [ 0°C to 70°C 3-lead Sidelooker — Lead (Pb) Free S TSL260R-LF
TSL260R | 0°C to 70°C 3-lead Surface-Mount Sidelooker — Lead (Pb) Free SM TSL260RSM-LF
TSL261R | 0°C to 70°C 3-lead Sidelooker S TSL261R
TSL261R | 0°C to 70°C 3-lead Sidelooker — Lead (Pb) Free S TSL261R-LF
TSL261R | 0°C to 70°C 3-lead Surface-Mount Sidelooker — Lead (Pb) Free SM TSL261RSM-LF
TSL262R | 0°C to 70°C 3-lead Sidelooker S TSL262R
TSL262R | 0°C to 70°C 3-lead Sidelooker — Lead (Pb) Free S TSL262R-LF
TSL262R | 0°C to 70°C 3-lead Surface-Mount Sidelooker — Lead (Pb) Free SM TSL262RSM-LF
The LUMENOLOGY © Company Copyright © 2007, TAOS Inc.

Texas Advanced Optoelectronic Solutions Inc.
1001 Klein Road ¢ Suite 300 ¢ Plano, TX 75074 ¢ (972) 673-0759
www.taosinc.com 1



TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOS049E —-SEPTEMBER 2007

Terminal Functions

TERMINAL
NAME NO. DESCRIPTION
GND 1 Ground (substrate). All voltages are referenced to GND.
ouT Output voltage
Vbp Supply voltage

Absolute Maximum Ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (see Note 1)
Output current, Ig

............................................................. 6V
...................................................................... =10 mA
Duration of short-circuit current at (or below) 25°C (see Note 2)
Operating free-air temperature range, Ta
Storage temperature range, Ttg
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds (S Package)

Reflow solder, in accordance with J-STD-020C or J-STD-020D (SM Package)

....................... 5s

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltages are with respect to GND.

2. Output may be shorted to supply.

Recommended Operating Conditions

MIN NOM MAX | UNIT

Supply voltage, Vpp

2.7 5.5 \

Operating free-air te

mperature, Ta

0 70 °C

Copyright © 2007, TAOS Inc.

VTAOS

www.taosinc.com

TEXAS

ADVANCED
OPTOELECTRONIC
SOLUTIONS®

The LUMENOLOGY © Company



TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

Electrical Characteristics at Vpp =5V, T = 25°C, Ap = 940 nm, R = 10 kQ (unless otherwise noted)

(see Notes 3, 4, and 5)

PARAMETER TEST TSL260R TSL261R TSL262R UNIT
CONDITIONS MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vp Dark voltage Ec¢=0 0 4 10 0 4 10 0 4 10 mV
Vou yarage P Voo =45V 3 33 3 33 3 33 v
Ee = 18 uW/cm?2 1 2 3
Vo  Output voltage E, = 46 uW/cm? 1 2 3 v
Ee = 220 uW/cm?2 1 2 3
Ee = 18 uW/cm2, mV/°C
Ta =0°Cto 70°C 0.4 %/°C
Temperature
coefficient of Ee = 46 uW/cm?2, mV/°C
Mo output voltage Ta =0°C to 70°C 0.4 %/°C
V 0,
(Vo) E, = 220 uW/cm2, 8 mV/°C
TA = OOC tO 7000 04 %/oC
Ne 'rg:s(';"s?\ity See Note 6 11 435 9.1 mV/(uW/em?)
Ec = 18 uW/cm?2 1.1 17
Iop  Supply current Ee = 46 uW/cm?2 1.1 17 mA
Ee = 220 uW/cm?2 1.1 1.7
NOTES: 3. Measurements are made with R = 10 kQ between output and ground.

oo s

irradiance Eg over this range will typically have a positive extrapolated Vg value for E¢ = 0.

Dynamic Characteristics at Ty = 25°C (see Figure 1)

Optical measurements are made using small-angle incident radiation from an LED optical source.
The input irradiance E, is supplied by a GaAs LED with peak wavelength A, = 940 nm
Irradiance responsivity is characterized over the range Vg = 0.05 to 2.9 V. The best-fit straight line of Output Voltage Vg versus

PARAMETER TEST CONDITIONS TSL260R TSL261R TSL262R UNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
tr  Output pulse rise time Vpp=5V, Ap=940nm 260 70 7 us
tr  Output pulse fall time Vpp=5V, Ap=940nm 260 70 7 us
. Vpp=5YV, Ec=0,
V,, Output noise voltage £ = 1000 Hz 0.8 0.7 0.6 uwV/VHz

The LUMENOLOGY © Company

OTAOS

www.taosinc.com

TEXAS

ADVANCED
OPTOELECTRONIC
SOLUTIONS®

Copyright © 2007, TAOS Inc.




TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

PARAMETER MEASUREMENT INFORMATION

V
DD E.
Pulse 2 ?
Generator r—————
g4 | Input
LED — |
(see Note A) | ~3 i Output
/
USt2eR
= Output
_ = (see Note B)
TEST CIRCUIT

VOLTAGE WAVEFORM

NOTES: A. The input irradiance is supplied by a pulsed GaAs light-emitting diode with the following characteristics: A, = 940 nm,

tr<1us, tf<1us.

B. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 100 ns, Z; = 1 MQ, C; < 20 pF.

Figure 1. Switching Times

TYPICAL CHARACTERISTICS

NORMALIZED OUTPUT VOLTAGE
VS
ANGULAR DISPLACEMENT

// \
// | -TSL2i62R
- // TSL261R \\\ TSL260R
I A

\ \
/ \ \

A\
\

\

Optical Axis

VO - Normalized Output Voltage

TN
N
0
80° 60° 40° 20° 0° 20° 40° 60° 80°
6 - Angular Displacement

Figure 2

TEXAS

ADVANCED
OPTOELECTRONIC
SOLUTIONS®
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TSL260R, TSL261R, TSL262R

INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
\"E)
IRRADIANCE
10 = —rr——
—Vpop=5V TSL261R
_Xp=940 nm A
— R =10 kQ
[~ Ta = 25°C 7
> . 4 / /
o TSL260R ) / / /
[
g 7 ,/ P
(] /
3 AT
g / /
= 4
o TSL262R
| o.1 / ,/ /
S? f /, p
4 4 /
/114 /
A/ // /
/
0.01 / /£ /
0.1 1 10 100 1000
Ee — Irradiance — uW/cm?
Figure 3

MAXIMUM OUTPUT VOLTAGE
Vs
SUPPLY VOLTAGE

RL=10kQ |
Ta = 25°C

rd

Vom - Maximum Output Voltage - V

2.5 3 3.5 4 4.5 5 5.5
Vpp - Supply Voltage - V

Figure 5

PHOTODIODE SPECTRAL RESPONSIVITY

1
Tp = 25°C /'\
0.8 l/ \\
2
2
@ 0.6 I
<]
Q.
: I
o
S 04
5 I \
[2
: [ \
0.2 / \
0 j
600 700 800 900 1000 1100
A - Wavelength - nm
Figure 4
SUPPLY CURRENT
VS
OUTPUT VOLTAGE
1.6 T T
Vpp=5V
— R = 10 kQ
Tp = 25°C
< 1.4
£
I
t
[
£ 12
8 /
>
Q.
|
m 1
|
[a]
2
0.8
0.6
0 1 2 3 4

Vo - Output Voltage - V

Figure 6

The LUMENOLOGY © Company
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TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

APPLICATION INFORMATION

Vbp

2 Rp = 100 kQ

TSL26xR 3
Sensor

T

NOTE A: Pullup resistor extends linear output range to near Vpp with minimal (several millivolts typical) effect on VpaRr; particularly useful
at low Vpp (3 Vto5V).

Output

Figure 7. Pullup for Increased Vg

5V
5V
50-kQ
100 Q 2 Threshold
5V 3 K
10 kQ
TSSL261 R AN,
oP240t § ensor 3 Output
l 1
= — LM393

15 kQ

T OPTEK part number

NOTE A: Output goes high when beam is interrupted; working distance is several inches or less. Intended for use as optical-interrupter switch
or reflective-object sensor.

Figure 8. Short-Range Optical Switch With Hysteresis

Copyright © 2007, TAOS Inc. The LUMENOLOGY © Company

, O TEXAS
ADVANCED
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TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

APPLICATION INFORMATION

0.01 uF

100 kQ

5V 5V
5V
BN301T
27 kQ 2
4 8 s
7 3
TSL262R |(
6 3 Sensor I\
3kQ TLC555 0.01 uF
2 2N3906
1
IE i

15-kQ
Threshold

T Stanley part number

NOTE A: Output pulses low until beam is interrupted. Useful range is 1 ft to 20 ft; can be extended with lenses. This configuration is suited
for object detection, safety guards, security systems, and automatic doors.

Figure 9. Pulsed Optical-Beam Interrupter

100 Q
A%

0.01 uF
2 ? 4

op29st L ¥

or ¢! 7 TSL2eoR | 3 |/ 3 _l
BN301 Sensor I\
0.1 uF
Light l1 5 NE567
Shield 1 1 0.1 uF
) 10 kQ
6
2N3904

\|

+
~ 4.7 uF

T OPTEK part number

2 | 7
+
0.1 uF T 1 MFT
* Stanley part number

NOTE A: Output goes low when light pulses from emitter are reflected back to sensor. Range is 6 in to 18 in depending upon object
reflectance. Useful for automatic doors, annunciators, object avoidance in robotics, automatic faucets, and security systems.

Figure 10. Proximity Detector

The LUMENOLOGY © Company Copyright © 2007, TAOS Inc.

© TEXAS
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TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007
APPLICATION INFORMATION
St
1
9V O O R3
22Q
* LI
AN
R1 ﬁ
680 Q 8 4 D1
3 BN301t
7 3 2 V¥ Ou
Q1 \A ToS
U1 R2 2N3904 o Sensor
TLC555 1 kQ 1
(5 = =
+ (03] 1
T I
6V TRANSMITTER
| 2
IN
ua Ji 2
TSL260R
c
Sensor 6V AC Load 3
3 = E
out
cs R8 R4 1
coM
01w 8V 300 © 180 © 120V
J_1 ——VYW—o 60 Hz
2
a R7
RS 3 4.7 kQ ) * S VA Q2
TIC225C
7.5 kQ 8
5 TiL3010 4 1 3
U2
Freq R6
Trim 4.7 kQ 2
o l BE 5 |3
01uF | + | g - catL . JPRE Vcc CLR
- I 1uF 4.7 uF us
L = ] 1/2SN74HCT6 | Q3
> CLK Qj 2N3904
R9
16 1kQ
K GND 1
113
T OPTEK part number

NOTE A: Single-channel remote control can be used to switch logic or light dc loads by way of U5 or ac loads by way of the optocoupler and
triac as shown. Applications include ceiling fans, lamps, electric heaters, etc.

Copyright © 2007, TAOS Inc.
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Figure 11. IR Remote Control
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TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

APPLICATION INFORMATION

6V 6V
D1
\OP2951
IN e
U2
TLE2426 D2
6V t
ouT \0P295
U1
CjM TLC271 N
= 6 Q1
+
K AA, 1 2N3904
Audio ci 1::@
Input 1uF
] uw R3
40 Q
- 20 kQ
oV TRANSMITTER
2
IN
U1
TSL261R
Sensor
3
Wl L
(:()hn + (:3
1uF C1
J_1 100 pF
— R2 ~VOL I I
oV 10 kQ
N 9V R1
ljz 2 \\\J\Z\\\> 100 kg}
TLE2426 6 + K
3
L 47 uF Output

-

T OPTEK part number

- (to headphones)

RECEIVER

NOTE A: Simple transmission of audio signal over short distances (<10 ft). Applications include wireless headphones, wireless-telephone
headset, and wireless-headset intercom.

Figure 12. IR Voice-Band Audio Link

The LUMENOLOGY © Company

OTAOS
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TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

APPLICATION INFORMATION

PCB Pad Layout

Suggested PCB pad layout guidelines for the SM surface mount package are shown in Figure 16.

[0 0] 0
3}
| 1.0 | | 1.0 | -

NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.

Figure 13. Suggested SM Package PCB Layout

Copyright © 2007, TAOS Inc.
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TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

MECHANICAL DATA

The TSL260R, TSL261R, and TSL262R are supplied in a clear 3-lead through-hole package with a molded lens. The
integrated photodiode active area is typically 1,0 mm?2 (0.0016 in2) for TSL260R, 0,5 mm?2 (0.00078 in?) for the
TSL261R, and 0,26 mm?2 (0.0004 in2) for the TSL262R.

PACKAGE S PLASTIC SINGLE-IN-LINE SIDE-LOOKER PACKAGE

TOP VIEW

) le—as0—| |
=

2.60 R 0.90 S 1.64

FRONT VIEW SIDE VIEW

1.80 —>||¢— 215

—» <4+—230

4—|

/4R
\L/
[\
g—v

LI
T

:

14.86 = 0.50

D) ,,

2x2 —>|_ <+ |_| Lead Free —»| | 0.42
—»| |4 0.47 TYP Available
NOTES: All linear dimensions are in millimeters; tolerance is = 0.25 mm unless otherwise stated.

A
B. Dimension is to center of lens arc, which is located below the package face.

C. The integrated photodiode active area is typically located in the center of the lens and 0.97 mm below the top of the lens surface.
D. Index of refraction of clear plastic is 1.55.

E. Lead finish for TSL26xR: solder dipped, 63% Sn/37% Pb. Lead finish for TSL26xR-LF: solder dipped, 100% Sn.

F. This drawing is subject to change without notice.

The LUMENOLOGY © Company Copyright © 2007, TAOS Inc.
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Figure 14. Package S — Single-In-Line Side-Looker Package Configuration
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TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

MECHANICAL DATA

PACKAGE SM PLASTIC SURFACE MOUNT SIDE-LOOKER PACKAGE

TOP VIEW

2.60 R 0.90 1.64
FRONT VIEW SIDE VIEW
) ¢ 2.30 —»| |[¢—— 0.15 Note B

\

J 4.60

l C

== )
J I_ A 0.62 + 0.10 :Lr “— 11)7
j— B ¢ 2.59
1.00 0.42 \\\ l

-0.15 5.73 + 0.50
2x2 P e N @
NOTES: A. Alllinear dimensions are in millimeters; tolerance is + 0.25 mm unless otherwise stated.
B. Dimension is to center of lens arc, which is located below the package face.
C. The integrated photodiode active area is typically located in the center of the lens and 0.97 mm below the top of the lens surface.
D. Index of refraction of clear plastic is 1.55.
E. Lead finish for TSL26xRSM-LF: solder dipped, 100% Sn.
F. This drawing is subject to change without notice.

Figure 15. Package SM — Surface Mount Side-Looker Package Configuration
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TSL260R, TSL261R, TSL262R
INFRARED LIGHT-TO-VOLTAGE OPTICAL SENSORS

TAOSO049E -SEPTEMBER 2007

PRODUCTION DATA — information in this document is current at publication date. Products conform to
specifications in accordance with the terms of Texas Advanced Optoelectronic Solutions, Inc. standard
warranty. Production processing does not necessarily include testing of all parameters.

LEAD-FREE (Pb-FREE) and GREEN STATEMENT

Pb-Free (RoHS) TAOS’ terms Lead-Free or Pb-Free mean semiconductor products that are compatible with the current
RoHS requirements for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous
materials. Where designed to be soldered at high temperatures, TAOS Pb-Free products are suitable for use in specified
lead-free processes.

Green (RoHS & no Sb/Br) TAOS defines Green to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and
Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material).

Important Information and Disclaimer The information provided in this statement represents TAOS’ knowledge and
belief as of the date that it is provided. TAOS bases its knowledge and belief on information provided by third parties,
and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate
information from third parties. TAOS has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and
chemicals. TAOS and TAOS suppliers consider certain information to be proprietary, and thus CAS numbers and other
limited information may not be available for release.

NOTICE

Texas Advanced Optoelectronic Solutions, Inc. (TAOS) reserves the right to make changes to the products contained in this
document to improve performance or for any other purpose, or to discontinue them without notice. Customers are advised
to contact TAOS to obtain the latest product information before placing orders or designing TAOS products into systems.

TAOS assumes no responsibility for the use of any products or circuits described in this document or customer product
design, conveys no license, either expressed or implied, under any patent or other right, and makes no representation that
the circuits are free of patent infringement. TAOS further makes no claim as to the suitability of its products for any particular
purpose, nor does TAOS assume any liability arising out of the use of any product or circuit, and specifically disclaims any
and all liability, including without limitation consequential or incidental damages.

TEXAS ADVANCED OPTOELECTRONIC SOLUTIONS, INC. PRODUCTS ARE NOT DESIGNED OR INTENDED FOR
USE IN CRITICAL APPLICATIONS IN WHICH THE FAILURE OR MALFUNCTION OF THE TAOS PRODUCT MAY
RESULT IN PERSONAL INJURY OR DEATH. USE OF TAOS PRODUCTS IN LIFE SUPPORT SYSTEMS IS EXPRESSLY
UNAUTHORIZED AND ANY SUCH USE BY A CUSTOMER IS COMPLETELY AT THE CUSTOMER'’S RISK.

LUMENOLOGY, TAQOS, the TAOS logo, and Texas Advanced Optoelectronic Solutions are registered trademarks of Texas Advanced
Optoelectronic Solutions Incorporated.

The LUMENOLOGY © Company
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TSL260R, TSL261R, TSL262R
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National
Semiconductor

LF412

Low Offset, Low Drift Dual JFET Input Operational

Amplifier

General Description

These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and guar-
anteed input offset voltage drift. They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF412 dual is pin compatible with the LM1558, allowing
designers to immediately upgrade the overall performance of
existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage and drift, low input bias current, high input imped-
ance, high slew rate and wide bandwidth.

August 2000

Features
Internally trimmed offset voltage: 1 mV (max)
Input offset voltage drift: 10 pV/°C (max)

Low input bias current:
Low input noise current:

[ ]
n

] 50 pA

" 0.01 pA/\VHz
® Wide gain bandwidth: 3 MHz (min)

m High slew rate: 10V/ps (min)

m Low supply current: 1.8 mA/Amplifier
m High input impedance: 10'2Q

m | ow total harmonic distortion
m Low 1/f noise corner: 50 Hz
B Fast settling time to 0.01%:

<0.02%

2 s

Typical Connection

R

00565641

Ordering Information
LF412XYZ
X indicates electrical grade
Y indicates temperature range
“M” for military
“C” for commercial
Z indicates package type
“H” or “N”

BI-FET II™ is a trademark of National Semiconductor Corporation.

Connection Diagrams

Metal Can Package

OUTPUT A

INVERTING
INPUT A

INVERTING
INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

v-
Note. Pin 4 connected to case.
TOP VIEW

00565642

Order Number LF412MH, LF412CH
or LF412MH/883 (Note 1)
See NS Package Number HO8A

Dual-In-Line Package

|\

1 8
OUTPUT A — —v*

2 7
INVERTING INPUT A —— [—— OUTPUTB

NON-INVERTING _3
INPUT A

INVERTING INPUT B

FS

5 NON-INVERTING
INPUT B

TOP VIEW

00565644

Order Number LF412ACN, LF412CN
or LF412MJ/883 (Note 1)
See NS Package Number JO8A or NOSE

© 2004 National Semiconductor Corporation

DS005656
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LF412

Simplified Schematic

1/2 Dual

Vee O . 4

Vo

D2 % R8
160

INTERNALLY
INTERNALLY TRIMMED
TRIMMED
Vee O L
00565643
Note 1: Available per JM38510/11905
Detailed Schematic
Vee O ¢ @ ®
13
3
12
[ I/
014:} L 2 * L‘oa
2151 a1 an E
<S5
+ [ Sz
, ‘ ]
+ ? 2 a7 —OVg
vt G a6
10 pF
I R6
| a7 30
> 6k
< R4 Q10
>
o4 - S 20k
17 ® }\09
j\ﬂus
a8y
R9

00565632
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Absolute Maximum Ratings (Note 2) H Package N Package
If Military/Aerospace specified devices are required, (Note 12) (Note 5) 670 mW
pl-eas'e contact the N.atic?r.\al Semicom?lfcto.r Sales Office/ T, max 150°C 115°C
Distributors for availability and specifications. 0,0 (Typical) 152°C/W 115°C/W
(Note 11) Operating Temp. Range  (Note 6) (Note 6)

civan

LF412A LF412 Storage Temp. —65°C<T,<150°C —65°C<T,<150°C
Supply Voltage +22V +18V Range
Differential Input Voltage +38V +30V Lead Temp.
Input voltage Range (Soldering, 10 sec.) 260°C 260°C
(Note 3) +19V +*15V ESD Tolerance
Output Short Circuit (Note 13) 1700V 1700V
Duration (Note 4) Continuous  Continuous
H Package N Package
Power Dissipation
DC Electrical Characteristics
(Note 7)
Symbol Parameter Conditions LF412A LF412 Units
Min Typ Max | Min Typ Max
Vos Input Offset Voltage Rs=10 kQ, T,=25°C 0.5 1.0 1.0 3.0 mV
AVog/AT | Average TC of Input Rg=10 kQ (Note 8) 7 10 7 20 pv/C
Offset Voltage
los Input Offset Current Vg=%15V T=25°C 25 100 25 100 pA
(Notes 7, 9) T=70°C 2 2 nA
T=125°C 25 25 nA
lg Input Bias Current Vg=%15V T=25C 50 200 50 200 pA
(Notes 7, 9) T=70"C 4 4 nA
T=125°C 50 50 nA
Rin Input Resistance T=25°C 102 1012 Q
AvoL Large Signal Voltage Vg=%15V, Vo=%10V, 50 200 25 200 V/imV
Gain R.=2k, To=25C
Over Temperature 25 200 15 200 V/mV
Vo Output Voltage Swing  |Vg=%15V, R, =10k +12 | *135 +12 | £13.5 \Y
Vem Input Common-Mode +16 | +19.5 +11 | +14.5 \
Voltage Range -16.5 -11.5 \
CMRR Common-Mode Rg<10k 80 100 70 100 dB
Rejection Ratio
PSRR Supply Voltage (Note 10) 80 100 70 100 dB
Rejection Ratio
Is Supply Current Vo =0V, R = 3.6 5.6 3.6 6.5 mA

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

AC Electrical Characteristics

(Note 7)
Symbol Parameter Conditions LF412A LF412 Units
Min Typ Max | Min Typ Max
Amplifier to Amplifier Ta=25°C, f=1 Hz-20 kHz -120 -120 dB
Coupling (Input Referred)
SR Slew Rate Vg=%15V, To,=25C 10 15 8 15 Vlips
GBW Gain-Bandwidth Product Vg=%15V, To=25C 3 4 2.7 4 MHz

3 www.nhational.com



LF412

AC Electrical Characteristics (continued)

(Note 7)
Symbol Parameter Conditions LF412A LF412 Units
Min Typ Max | Min Typ Max
THD Total Harmonic Dist Ay=+10, R =10k, <0.02 <0.02 %
Vo=20 Vp-p,
BW=20 Hz-20 kHz
en Equivalent Input Noise Ta=25"C, Rg=100Q, 25 25
Voltage f=1 kHz nv/JHz
in Equivalent Input Noise TA=25°C, f=1 kHz 0.01 0.01 —
Current PA/VHz

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 4: Any of the amplifier outputs can be shorted to ground indefintely, however, more than one should not be simultaneously shorted as the maximum junction
temperature will be exceeded.

Note 5: For operating at elevated temperature, these devices must be derated based on a thermal resistance of ja.

Note 6: These devices are available in both the commercial temperature range 0°C<Ta<70°C and the military temperature range -55°C<T5<125°C. The
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M”
indicates the military temperature range. The military temperature range is available in “H” package only. In all cases the maximum operating temperature is limited
by internal junction temperature T; max.

Note 7: Unless otherwise specified, the specifications apply over the full temperature range and for Vg=+20V for the LF412A and for Vg=+15V for the LF412. Vg,
Ig, and lpg are measured at Vgy=0.

Note 8: The LF412A is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 85% of the amplifiers meet this
specification.

Note 9: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. T=Ta+6ja Pp where 6j4 is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 10: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. Vg
= %6V to £15V.

Note 11: Refer to RETS412X for LF412MH and LF412MJ military specifications.

Note 12: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.

Note 13: Human body model, 1.5 kQ in series with 100 pF.

Typical Performance Characteristics

Input Bias Current Input Bias Current
100 10k
Vg =+15V 0 Vem =0V
_ Ta=25°C — —+
<& 80 E Vg =115V
= = 1k 7
w w 4
< 60 &
> " >
=] © 1/
o & 100 —
< 40 = A
= = -
= e 4/
0 1
-10 -5 0 5 10 —-50-25 0 25 50 75 100 125
COMMON-MODE VOLTAGE (V) TEMPERATURE (°C)
00565610

00565611
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Typical Performance Characteristics (continued)
Positive Common-Mode
Supply Current Input Voltage Limit
4.8
2 —55°C<Ty<125°C
T 44 as 2 /
z g8 /
~ == V.
[ > =
S 40 g5 15 )4
= —55°C =y /
S s Pz 85 4 /
E ' L LS /
> LA 25°C A BB
% 32 1 8% 5 /
125°C
2.8 : 0
0 5 10 15 20 25 0 5 10 15 20 25
SUPPLY VOLTAGE (£ V) POSITIVE SUPPLY
VOLTAGE (V)
00565612
00565613
Negative Common-Mode
Input Voltage Limit Positive Current Limit
=B [Cet=Ta=i2oC 15 VooV
§ -2 § NN
== 5
5 s 15 Vi s_
w / 5
= cc.t': i [
85 /| 5=
wo —10 7 o=
=5 / w
E5 7 = 5 125°C 25°C—4—55°C
[T - / =
2= -5 /r ]
L a
0 0
0 -5 —-10 —-15 -—-20 -25 0 10 20 30 40
NEGATIVE SUPPLY OUTPUT SOURCE CURRENT (mA)
VOLTAGE (V) 00565615
00565614
Negative Current Limit Output Voltage Swing
—-15
- Vg= 15V 50 RL=2k
w NS Ta=25°C
=] N N I 40
g \— 55°C w
a _
o 1 ) EZ g /
52 8= V
= =g
25 125°C | | 25°C 23 yd
c2 == 2
oD v 4
=" -5 5 /
= Y
= 10 -
=z
0 0
0 10 20 30 40 0 5 10 15 20 25
OUTPUT SINK CURRENT (mA) SUPPLY VOLTAGE (1 V)
00565616 00565617
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LF412

Typical Performance Characteristics (continued)

Output Voltage Swing

30
L1
25 //r
g2 A
= /
o= /
> = 15
[y}
> = /
(-
EZ 10
o
5
0
0.1 1 10
RL—OUTPUT LOAD (k<)
00565618
Bode Plot
30 1
\\ Vs=*15 50
RL=2k
20 100
| CL=100 pF
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10 \\ \ 50 =
g N [N b
= 0 0 S
< ‘\. \ o
(] N #
-10 \ -50 g
-20 -100
-30 —150
0.1 1 10 100
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00565620
Distortion vs Frequency
0.2 Vg= 15V
Ta=25°C
015 | Ay=100
=
= o Vg =20 Vp-
2 01| L
S 10k
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0.05 +—
Ay =1OI\‘
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00565622

OUTPUT VOLTAGE
SWING (Vp-p)

UNITY GAIN
BANDWIDTH (MHz)

SLEW RATE (V/us)

Gain Bandwidth

55
Vs= 115V
5 N RL=2k
\\ CL=100 pF
4.5 N
4
N
3.5 \\
3 g
2.5
-50-25 0 25 50 75 100 125
TEMPERATURE (°C)
00565619
Slew Rate
26
24
22 FALLING
20
18
16 RISING
14
Vs = 115V
12 RL:Zk
=1
10 |
-50-25 0 25 50 75 100 125

TEMPERATURE (°C)

Undistorted Output Voltage

00565621

Swing
30
\
N
20
10 |Vs= 15V \
RL=2k \
| Ta=25°C
Ay=1
o Ls1% DIST
10K 100k 1™

FREQUENCY (Hz)

00565623
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Typical Performance Characteristics (continueq)

OPEN LOOP VOLTAGE
GAIN (dB)

POWER SUPPLY REJECTION
RATIO (dB)

OPEN LOOP VOLTAGE
GAIN (V/V)

Open Loop Frequency
Response
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140

— -
@@ O N
o o o

/
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N

P
o

N
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nN
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N

110 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

00565624

Power Supply Rejection

Ratio
140 Vs= 115V
120 Ta=25°C
+ SUPPLY
80 \\ N
60 \ \\
\\ \
40 — SUPPLY ™ N
N
20
~N
0

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

00565626

Open Loop Voltage Gain

™
RL=2k
—55°C<Ta<125°C
e
L

100k
10k

5 10 15 20

SUPPLY VOLTAGE (+ V)

00565628

COMMON-MODE
REJECTION RATIO (dB)

EQUIVALENT INPUT NOISE
VOLTAGE (nV//Hz)

OUTPUT IMPEDANCE ()

Common-Mode Rejection

Ratio
160 Vg= 115V
140 RL=2k
Ta=25°C

—
~nN
o

v
CMRR =20 L0G M +

100 Vo
80 X OPEN LOOP
IVO\ VOLTAGE
60 —\ GAIN
‘0 -
Vem Z
20 -1 L
0 L1

10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

00565625

Equivalent Input Noise

Voltage
70
60
50
40
N
30 ]
20
10
0
10 100 1k 10k 100k
FREQUENCY (Hz)
00565627
Output Impedance
100 Vs= +15V
Ta=25°C
fir a
10 Ay=100
,1"
Lt Ay =10 /
2 y,
1 o 111
Av=13
—— ~
.
0.1

100 1k 10k 100k ™
FREQUENCY (Hz)

00565629
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LF412

Typical Performance Characteristics (continued)

Inverter Settling Time

10
LT ]
g 5 10 mv ,/1mv
3 /
wZ
=3
S
sE \
5 -5
= 10mv\\1mv
" \
0.1 1 10

SETTLING TIME (us)

00565630

Pulse Response R -2k, C,=10 pF

Small Signal Inverting

OUTPUT VOLTAGE SWING
(50 mv/DIV)

TIME (0.2 us/DIV)

00565636

Large Signal Inverting

B Mabny G i sahy igiy! G -

i

(5V/DIV)

OUTPUT VOLTAGE SWING

TIME (2 us/DIV)

00565638

OUTPUT VOLTAGE SWING

OUTPUT VOLTAGE SWING

Small Signal Non-Inverting

(50 mv/DIV)

TIME (0.2 ps/DIV)

00565637

Large Signal Non-Inverting
St o o e ey mian s o

(5V/DIV)

TIME (2 4s/DIV)

00565639
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Pulse Response R =2 ko, C,=10 pF (Continued)

Current Limit (R .=100Q)

e

(1V/DIV)

OUTPUT VOLTAGE SWING

TIME (5 us/DIV)

00565640

Application Hints

The LF412 series of JFET input dual op amps are internally
trimmed (BI-FET 1II™) providing very low input offset voltages
and guaranteed input offset voltage drift. These JFETs have
large reverse breakdown voltages from gate to source and
drain eliminating the need for clamps across the inputs.
Therefore, large differential input voltages can easily be
accommodated without a large increase in input current. The
maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will cause a reversal of the phase to the output and force the
amplifier output to the corresponding high or low state.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the
common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output, however, if both
inputs exceed the limit, the output of the amplifier may be
forced to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

Each amplifier is individually biased by a zener reference
which allows normal circuit operation on £6.0V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The amplifiers will drive a 2 kQ load resistance to £10V over
the full temperature range. If the amplifier is forced to drive
heavier load currents, however, an increase in input offset
voltage may occur on the negative voltage swing and finally
reach an active current limit on both positive and negative
swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC could cause fusing of the internal
conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in order
to ensure stability. For example, resistors from the output to
an input should be placed with the body close to the input to
minimize “pick-up” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to AC
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected
3 dB frequency of the closed loop gain and consequently
there is negligible effect on stability margin. However, if the
feedback pole is less than approximately 6 times the ex-
pected 3 dB frequency a lead capacitor should be placed
from the output to the input of the op amp. The value of the
added capacitor should be such that the RC time constant of
this capacitor and the resistance it parallels is greater than or
equal to the original feedback pole time constant.

www.national.com
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Typical Application

Single Supply Sample and Hold

1=HOLD
0=SAMPLE

TTL

I INVERTER

Ve

00565631
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Physical Dimensions inches (millimeters)

unless otherwise noted

0.165—
(4.191—4.699)

REFERENCE PLANE A
0.500

0.029 -
(0.737—

0.350—0.370

(8.890 —9.398)
DIA

0.315-0.335

A

0.185
4.699) |

Y

(12.70)
MIN

MAX

0.225—0.235

(5.715—5.969)
DIA PC

0.045 o

1.183)
0.028 —0.034

(0.711 0. 864)V<

45° TYP

0.040
(1.016)

—T—F SEATING PLANE
j(ﬂll [ ———

(8.001 —8.509)
DIA

0.015-0.040

ji' (0.381—1.016)

0.025
(0.635)

MAX UNCONTROLLED
LEAD DIA

(0.406 —0.483)
DIATYP

0.115-0.145

| (2.921-3.683)
A DIA

HOBA (REV C)

Metal Can Package (H)
Order Number LF412MH, LF412MH/883 or LF412CH
NS Package Number HO8A
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LF412

R0.010 TYP

e 0.400 MAX —

[ 1 [ E=1

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

P

Dual-In-Line Package (N)
Order Number LF412ACN or LF412CN
NS Package Number NOSE

) 0.220  0.310 MAX
/ 0.291  GLASS
R0.025 TYP J l
L 2] [] [
0.045
™ " o.065""F
0.290 —>| |«— 0.005 GLASS
0.320 MIN / SEALANT
3
| 0.180 /
1 h h‘ﬁAX 0.200 L 1 L 0.020
VAX 0.060
_L_\ 1 Ny | o/
f b o.150
i i 0.125 MIN
: 0.200
/| 90° £ 4° TYP
95°£5¢ Trp N 0.310 : 0.055 MAX —»| |<— S
[ 0.410 BOTH ENDS i i
0.008 0.018 £0.003 TYP
0.012 1P
—> l«— 0.100£0.010 TYP
Dual-In-Line Package (J)
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LIFE SUPPORT POLICY

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification
(CSP-9-111S2) and contain no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86
Email: new.feedback @nsc.com Email: europe.support@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
www.national.com Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor National Semiconductor

Asia Pacific Customer Japan Customer Support Center
Support Center Fax: 81-3-5639-7507

Email: ap.support@nsc.com Email: jpn.feedback @nsc.com

Tel: 81-3-5639-7560

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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